It has been reported that certain strains of ,B hemolytic streptococci produce L type colonies if they are exposed to penicillin on media containing high concentrations of non-toxic salts (Sharp, 1954) . No such colonies developed without increased salt concentration. Following this observation a number of strains of several other bacterial species were studied to test the effect of variation of the salt concentration of the media. During these studies L type colonies were observed for the first time in staphylococci and diphtheroids; a number of strains of a hemolytic streptococci produced L colonies with increased salt in the media, whereas previously only a very few strains had been found to do so, and L forms of the colon bacillus were obtained in large colonies which grew in sufficient abundance to permit subculture. High salt concentrations exerted no influence on the development of L type colonies in a number of other species in which such colonies have been observed on the usual media.
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METHODS
The various salts were incorporated in a medium which is satisfactory in other respects for the cultivation of L forms. The usual basal medium is a tryptic digest or fresh beef heart infusion broth containing a final concentration of 1.3 to 1.5 per cent agar and 10 per cent inactivated horse serum. Some commercially available media also have been found to be satisfactory for some ' This work was begun during tenure of a Clinical Traineeship, U. S. Public Health Service, National Institute of Arthritis and Metabolic Disease and completed during tenure of a fellowship of the Arthritis and Rheumatism Foundation.
strains. These include PPLO Agar, Blood Agar Base, Trypticase Soy Agar, and Base Agar (Baltimore Biological Laboratory), and Heart Infusion Agar, Tryptose Blood Agar Base, and Todd-Hewitt Broth with added agar (Difoo).
Each species was tested with NaCl and Na1HPO4. The effect of several other salts on , hemolytic streptococci was studied. Penicillin either was incorporated in the medium, or was deposited in a small trough cut into the agar in an amount appropriate to give the desired area of bacterial inhibition. The plates were usually incubated anaerobically using the Fortner (1928) method.
In working with the high salt concentrations, excessively moist plates could be avoided by using agar with 1.5 to 2 per cent salt for the culture of Serratia marcecens. Stained agar preparations were used for observing the development of the L colonies.
RESULTS
Beta-hemolytic streptococci. The lowest concentration of NaCl with which transformation into L forms was observed was 0.26 m. With most strains 0.43 to 0.51 m NaCl was necessary. Concentrations slightly above the minimujm required appeared to be optimal, and a further increase to 1.2 M did not enhance the effect. KCl, NH4Cl, CaCl2, MgCl2, and Na2HPO4 also permitted the development of the L form of the hemolytic streptococci on exposure to penicillin. Minimum concentrations of 0.18 M for the bivalent cations and 0.14 M for the phosphate were found to be effective.
Further observations indicated that the capacity of different strains of , hemolytic streptococci to produce L forms varied markediy, and in addition the basal medium exerted a definite influence on their productions. Some strains which only occasionally developed L colonies on the usual medium did so regularly, and in some instances abundantly, on with considerable regularity, whereas with other lots that were tested, L transformation occurred only under anaerobic conditions. Subculture of L type colonies of # hemolytic streptococci was successful only on plates containing a minimum of 0.26 M NaCl. Limited attempts to adapt the L form of one strain of group A streptococcus to grow on lower concentrations of salt were unsuccessful. As long as care was taken to maintain slightly moist plates, growth on subculture appeared to be equally good, whether carried out aerobically or anaerobically, with the exception that we had the impression that the anaerobic cultures remained viable for longer periods of time. Subcultures were routinely carried out on plates containing 1,000 or more units of penicillin per ml. After prolonged attempts it was possible to establish two strains of the L forms of hemolytic streptococci in broth culture. For this purpose a tryptic digest of beef heart infusion with 0.61 M NaCl and 10 per cent inactivated horse serum was used. To establish the culture, variable concentrations of agar, usually 0.1 to 0.5 per cent, were added to the broth and it was heavily inoculated with pieces of a well-grown agar culture. The broth was shaken vigorously each day. On the second or third day after the L growth was disseminated throughout the broth, the fluid culture could be transplanted to broth without agar. Thereafter cultures in liquid were transplanted every second to third day. A relatively large inoculum was required for all subcultures in fluid media, which of course was also true of agar plate transfers. Although the exact mninimum inoculating dose was not determined, a final dilution of 10-2 of the inoculum was regularly satisfactory, and only slightly higher dilutions frequently failed to take. In On a few occasions rupture of a large body was observed while examinng a preparation, and the remainder of the large body and the granules could not have been distinguished from granular debris but for prior knowledge. Thus it was of utmost importance to use a method to make preparations that would avoid undue mechanical stress on the large bodies.
The streptococci were regained from the L form of 3 strains after as many as 10 subcultures in the L form. Recovery of the bacterial form occurred irregularly, and the factors involved remain largely unknown. In all instances in which return of the streptococci was observed, they appeared after the L form had been transplanted on a number of occasions on appropriate media in the absence of penicillin.
Alpha hemolytic streptococci. Some strains of a hemolytic streptococci produced L forms on media with the usual salt concentration (Dienes, 1953 The L colonies of the staphylococci were similar in appearance to those of the streptococci. Large bodies were a prominent feature of these colonies. The staphylococcal L type colonies often attained a size of 1 to 2 mm. The larger colonies, after incubation for 2 to 3 days, fairly regularly showed autolysis in the center of the colony, even though growth continued at the periphery. Growth on subculture was poor and they were not maintained in continuous culture. Cocci were not regained from these L forms.
Colon bawiUi. Some strains of colon bacilli spontaneously produced large bodies and tiny L colonies on horse blood or horse serum agar plates. On exposure to penicillin the majority of strains would produce large bodies and tiny L colonies abundantly. These tiny colonies were identical with the earliest stage of development of 3A colonies in other species of gram negative bacilli, but development beyond this stage had not been observed previously and subculture had never been possible. Using high salt media, 5 strains of coliform organisms produced large L colonies on exposure to penicillin. Transplantation of 1 of these strains was carried through 4 serial subcultures but was lost on the fifth transfer. The use of high salt media did not enhance the production of L colonies in 5 strains, and 4 other strains were not inhibited by 4,000 units of penicillin per ml of medium.
Corynebacteria. Two strains of diphtheroids which were isolated from throat cultures by Hendriksen and Grilland (1952) in Norway were observed to produce L colonies on high salt media." The development of L forms from these strains began with the swelling of a few organisms to large bodies which proceeded to grow into large L type colonies similar in appearance to the L colonies of streptococci and bacteroides. The production of L type colonies was quite variable and the development to large colonies was irregular. Growth on subculture was poor and the L strains were not permanently maintained in subculture.
The 2 strains which produced L forms were sensitive to phages. Exposure to the phages did not appear to make any difference in the production of L growth by these strains.
We have not observed the development of L colonies from virulent diphtheria strains or from diphtheroids isolated in our laboratory. Dr. Poetschke (1953) Observations ith toxic salt. The salts previously discussed did not inhibit growth in the concentrations employed and did not change the morphology of the bacteria. Some toxic salts in sub-inhibitory concentrations induced pleomorphism, including growth into large bodies similar in appearance to the large bodies produced by penicillin. Lithium salts often have been used to produce such large bodies., One of us, in previous experiments, never succeeded in producing L forms with lithium or other toxic 6 A review of the older observations is in the papers of Kilieneberger (1930) and Sander (1938). salts. It seemed of interest to determine whether a toxic salt could replace the non-toxic salt when the latter was needed for the development of L forms.
The influence of LiCl, HgCl2, CdSO4, and CuSO4 was examined on the production of L forms from a strain of proteus, a strain of S. typhosa, a strain of j3 hemolytic streptococcus and a strain of staphylococcus. All strains used produced L colonies regularly. LiCl was used in 0.5, 1.0, and 2.0 per cent concentrations, the other salts in 0.01, 0.05 and 0.25 per cent. The salts were tested alone and in combination with penicillin. The results were negative. L colonies were produced only from proteus and typhoid bacilli on plates containing 0.5 and 1.0 per cent LiCl and exposed to penicillin. The production of L colonies even in these cases was noticeably inhibited when compared with the controls. Two per cent LiCl prevented their development. No L colonies developed on any plates containing the other salts, though bacterial growth developed with the lowest and in some cases also in the next to the lowest concentrations. The toxic salts, according to these experiments, although sometimes producing pleomorphism, could replace neither the penicillin nor the non-toxic salts in the production of L forms.
DISCUSSION
Even among those bacterial species that most readily give rise to L type growth, the production of L colonies is capricious, varying without apparent reason, and influenced by many factors that have little visible effect on the growth of the bacterium. It is a striking fact that transformation of bacteria to L forms has been observed to occur only on media solidified with agar. In most instances attempts to establish fluid cultures have been unsuccessful. These observations indicate the importance of physical conditions for the original isolation of the L forms and their growth in subculture.
The observation that increased salt concentration makes possible the production and growth of L type colonies from certain strains of , hemolytic streptococci, staphylococci, diphtheroids, a hemolytic streptococci and colon bacilli would seem to further emphasize the importance of the physical conditions for the cultivation of these organisms. Even A concentration of NaCl above 0.26 M in otherwise appropriate media has made possible the isolation of L colonies from group A streptococci, staphylococci, and diphtheroids. An increase in the electrolyte concentration is also essential for the isolation of L colonies from colon bacilli and from the majority of a hemolytic streptococcus strains. High salt concentration is necessary in these cases to maintain growth in subculture and has made possible the cultivation of L forms of the streptococci in fluid media. All of the non-toxic salts tested, including NaCl, NIH4l, KCl, CaCl2, MgCl2, and 
